LABORATORY or THE RiCe INSTITUTS Read before the Academy, April 25, 1922 In a recent article Eggert' has shown that the ordinary thermodynamic expression for the effect of temperature on the equilibrium of chemical reactions, when supplemented by assumptions as to the values of the special constants occurring in it, can be applied to the calculation of the extent to which under different conditions neutral atoms of the gaseous elements are converted into positive ions and free electrons. Saha2 has shown that the most uncertain factor in Eggert's formulation can be eliminated by introducing the ionization-potential of the element. He has then calculated the dissociation of the first electron from the atoms of many important elements, thus, the extent to which such reactions as Na = Na+ + E-take place, where E-represents electron gas. He has tabulated the values of this percentage ionization at various temperatures and pressures; and he has especially pointed out the great significance which these considerations may have for the interpretation of the spectra -of elements under solar and stellar conditions. These principles are of great interest to astrophysicists, as may be illustrated by the following applications. It has long been known that the solar prominences show strongly the hydrogen and helium lines and the enhanced (H and K) lines of calcium, but not the blue line of calcium nor the familiar lines of sodium or of other alkali elements. The remarkable absence of these lines had not been explained; but the thermodynamic relations now, show that the extremely small pressure combined with the high temperature of the prominences must greatly promote the 303
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The thermodynamic expressions may first be presented which are applicable to a reaction of the type under consideration, by which the neutral atoms of a gaseous elementary substance M are converted into positive ions and electrons in accordance with the chemical equation M = M+ + E-. At any definite temperature the equilibrium-constant K of such a reaction is expressed in terms of the partial pressures, PM, PM+. PE-, Of the three substances, regarded as perfect gases, by the following equations: give to an electron a kinetic energy which just suffices to ionize an atom of the element with which it collides; e being the charge on the electron and V the ionization-potential, which last may be determined by direct measurement or computed from the spectral series of the element.
. (2) That the heat-capacities of the neutral atom M and its ion M+ are equal, and that the heat-capacity of electron gas is the same as that of any other monatomic gas, namely, 2.5 R per mol of the gas.
(3) That the constant I, which is the sum IM + + IE--IM of constants characteristic of the three substances (the positive ion, the electron, and the neutral atom), can be evaluated by assuming IM+ = IM and by calculating IE-. the constant for electron gas,, by a theoretical principle that has been shown applicable to ordinary monatomic gases,4 which need not be here described.
These considerations lead to the following values of the constants occurring in equation (4) (1) and (2), showing that the ions result from an ionization process in which one molecule dissociates into two others, as is the case in the reaction M = M+ + E-, where E-denotes electron gas.
3. There is present in the flames both positive and negative carriers, but the mobility of the latter has been shown to be roughly 2500 times as great as that of the former, clearly indicating that the negative carriers are electrons and that substantially the whole conductance is due to them.
From the way in which the conductance changes with the concentration it was found possible by a mathematical process that need not be here de- The results here presented therefore afford a striking confirmation of the general validity of the calculation of the ionization of elements from their ionization-potentials by the thermodynamic equation employed by Saha.
I Eggert, Physik. Zs., 20, 570, 1919. 2 Saha, Phil. Mag., 40, 478, 809, 1909; 41, 267, 1921. 
